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Applications of Eigenvectors Applications of Eigenvectors 
to AIRS Datato AIRS Data

• NESDIS is processing and distributing AIRS data and  
products in near-real time to NWP centers.

• Data size is very large compared with current sounders  
(1 orbit ~ 2GB vs. 8 MB) 

• Information is not independent.  Eigenvectors provide an 
effective way to extract independent pieces of information.

• Eigenvector expansion coefficients (principal component 
scores) can be provided instead of the individual channels.

• Individual channels can be reconstructed with minimal 
signal loss.



NWPNWP UsersUsers

• NCEP

• ECMWF 

• Met. Office

• Meteo-France

• Goddard DAO

• Meteor. Service of Canada

• Bureau of Meteorology Research Centre (Australia)

• FNMOC



Principal Component AnalysisPrincipal Component Analysis

• Principal component analysis (PCA) is often used to reduce data 
vectors with many components to a different set of data vectors with 
much fewer components that still retains most of the variability and 
information of the original data 

• R =    r1.i1 + r2.i2 + r3.i3 + …. +  rn.in

where i1 = (1,0,0,0,0….0n) ; i2 = (0,1,0,0,0….0n) 

• Data are rotated onto a new set of axes, such that the first few axes have 
the most explained variance.

• R =    p1.E1 + p2.E2 + p3.E3 + …. +  pn.En

where  E  are eigenvectors and  p1 =  R E1

• So instead of R vectors of length n,  we can have a truncated P vectors 
of length m,  where m << n



Eigenvectors are used forEigenvectors are used for

• Data compression

• Quality control

• Retrievals of  geophysical parameters 
» Atmospheric temperature, moisture and ozone
» Surface temperature and emissivity



Generating AIRS eigenvectorsGenerating AIRS eigenvectors
• Each AIRS data vector has 1524 radiance values 

(Efforts are being made to expand it to over 2000).

• The radiances are normalized by expected instrumental 
noise (signal to noise)

• Compute the covariance matrix S

• Compute the eigenvectors E and eigenvalues  Λ
S = E ΛET

• E = matrix of orthonormal eigenvectors (1524x1524)
Λ = vector of eigenvalues (explained variance)



Applying AIRS eigenvectorsApplying AIRS eigenvectors

• On independent data – compute principal component 
scores.

• P    =    ET R    ;   elements of R  = (ri- ri ) /ni

• Invert equation and compute reconstructed  radiances  R*.

• R*    =    E P

• Reconstructed radiances are used for quality control. 

• Reconstruction score  =  [ 1/N 3(R*i - Ri)2 ]1/2

i = 1 ….N channels



AIRS applicationsAIRS applications

• AIRS is currently being processed and distributed in 
near-real time.

• Each day a spatial subset of AIRS data is produced 
(200 mbytes vs 30 GB full data)

• Eigenvectors are generated daily.
• A static set of eigenvectors is used, but the ensemble 

is occasionally updated with new structures.
• When the ensemble is updated a new set of 

eigenvectors is also updated.
• Occasional bad channels can be synthesized from 

neighboring/most correlated channels.



•Reconstruction score  =  [ 1/N 3(R*i - Ri)2 ]1/2
i = 1 ….N channels



Compare the observed and reconstructed Compare the observed and reconstructed –– a window channela window channel



Obs.

reconstruct



Noise filter

• Truncating eigenvectors also results in noise 
filtering.



Spectrum from 892 to 902 wavenumber

Purple is reconstructed,  black is original, blue is calculated from model



Monitoring Eigenvectors

• Monitoring eigenvectors is critical

• Bad channel can be found out by monitoring 
the reconstruction scores and the difference 
between the reconstructed and the observed 
radiances.





AIRS NEDT  vs. RMS of Reconstruct Radiance



Indx     freq.       Nedt  aveob/avere     s<1 asc      s<1 desc   1<s<1.5 a   1<s<1.5 d    1.5<s<2  a   1.5 <s<2 d    s>2 a      s>2 d            



QA Flag:   64- Bad Telemetry    128- High Noise



#1
#1





PC Regression retrievalsPC Regression retrievals



Compression FactorsCompression Factors

• 200 pc scores ~ 9.5 % of the total (lossy compression).
• For near lossless compression.   Store 80 pc scores plus the 

residual.  The residual can be stored as 1 byte as long as 
residual is +- 1.28 K.  Allows for both noise filtering and lossless 
compression.

• Not all channels will be within +- 1.28 K, but no more than 20 
channels per fov. 

• Full data set  2100 x 4 bytes = 9400
• Compression  80 pc  x 4 bytes + 2100 ch x 1 byte + 20 outliers x 

4  = 2500  ~ 27 %
• Bit trimming can provide even greater lossless data compression 

(perhaps 10%).



SummarySummary

• All sky eigenvectors 
• Monitor reconstruction scores
• Quality control and bad channel handelling
• Provide to NWP centers 200 pc scores 

(normalized by sqrt(eigenvalues)).
• Also provide subset of individual channels (to 

monitor the reconstruction).
• Need additional work to study noise filtering 

feature of eofs.
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